A possibility to perform single-electron computing without dissipation in the array of tunnel-coupled quantum dots is studied theoretically, taking the spin gate NOT (inverter) as an example. It is shown that the logical operation can be realized at the stage of unitary evolution of electron subsystem, though complete switching of the inverter cannot be achieved in a reasonable time at realistic values of model parameters. An optimal input magnetic field is found as a function of inter-dot tunneling energy and intra-dot Coulomb repulsion energy.
where the quantities V , U , H A , g, and µ B are defined above, other notations being standard (see, e.g., [4] ). Here we assume that each dot has one size-quantized level with on-site potential ε 0 = 0 (i.e., all energies are measured from ε 0 ). In what follows, we set gµ B = 1. The complete orthonormal set of inverter eigenstates is formed by two-electron basis states |1 =| ↑, ↓ , |2 =| ↓, ↑ , |3 =| ↑↓, 0 , |4 =|0, ↑↓ , |5 =| ↑, ↑ , |6 =| ↓, ↓ , where, e.g., the notation | ↑, ↓ denotes the state with up-spin electron at the dot A and down-spin electron at the dot B, the notation | ↑↓, 0 denotes the state with two (up-spin and down-spin) electrons at the dot A and no electrons at the dot B, etc. The magnetic moment of the electron with up-spin polarization is oriented along the direction of the local applied magnetic field H A .
At H A = 0, the ground state eigenvector of the Hamiltonian (1) is
The corresponding eigenenergy is E 0 = (U − √ U 2 + 16V 2 )/2. In the ground state we have Ψ 0 |Ŝ zA |Ψ 0 = Ψ 0 |Ŝ zB |Ψ 0 = 0. We suppose that at t ≤ 0 the system is in its ground state.
If the local external magnetic field is applied at time t = 0, then the wave function Ψ(t) at t ≥ 0 is
where Ψ k and E k (k = 1 − 6) are eigenvectors and eigenenergies of the stationary Schrödinger equation
The coefficients A k should be found from the initial condition Ψ(t = 0) = Ψ 0 . It is convenient to write Ψ k as
Then
where
The probability to find the system in the basis state |n at time t is p n (t) = |f n (t)| 2 . At arbitrary values of V , U , and H A the eigenvalue equation (4) reduces to the algebraic equation of the third power in E k . The resulting analytic expressions are too cumbersome for analysis, so it is more convenient to solve the equation (4) numerically. Before proceeding to the results of these calculations, let us consider the limiting case U = 0 which physically corresponds to U << V (closely-spaced large-sized dots [6] ).
At U = 0 we have rather simple equations for the probabilities p n (t):
where ω = H 2 A + 4V 2 /h. From (6) and (8) it is straightforward to find that
From (9) we see that the spins S zA and S zB are oppositely directed at any time t according to the physical truth table of the logical gate NOT [3] . For the sake of definiteness, let us consider the case H A > 0. In this case S zA is always positive and peaks at t 0 = π/ω. Moreover, a complete switching, S zA (t 0 ) = 1/2 and S zB (t 0 ) = −1/2, is achieved at H A /V = 2. The dependence of S zA (t 0 ) on H A /V is shown in Fig.1 . We stress that this dependence has been obtained by us in the weak coupling limit of the Hubbard model. Nevertheless, it is analogous to those calculated in [7] within the Heisenberg model (i.e., in the strong coupling limit of the Hubbard model, U >> V ) with an exception that in the Heisenberg model ω = H 2 A + 4J 2 /h, t 0 = π/2ω, and S zA (t 0 ) reaches a maximum value of 1/2 at H A = 2J [7] , where J is the antiferromagnetic exchange energy (for two-site cluster J = V 2 /U at U >> V ). Hence, one may expect that complete switching of the inverter can occur at an arbitrary ratio of U to V .
To check this hypothesis, we calculated numerically the dependencies of S zA on t and S zA (t 0 ) on H A /V at different values of U/V , where t 0 is generally defined as a time of the first maximum at the curve S zA (t), t 0 being a function of H A /V and U/V . The curves of S zA (t 0 ) versus H A /V are shown in Fig.1 for several values of U/V . One can see that increase in U/V first results in decreased height of the maximum at the S zA (t 0 ) versus H A /V curve. At U/V > 2 the height of this maximum increases again, but doesn't reach the saturated value 1/2 at finite U/V , though S zA (t 0 ) → 1/2 if U/V → ∞ (this corresponds to the Heisenberg model and agrees with the results obtained in [7] ).
It seems that complete switching of the inverter cannot be achieved at realistic values of U/V ratio, i.e., at U/V = 0 and U/V = ∞. Note, however, that at arbitrary values of H A /V and U/V the function S zA (t) is not periodic in time since it includes several harmonics with different frequencies and amplitudes. Hence, in principle, the value of S zA = 1/2 can be achieved at some longer time. But this case is of no interest for us since we should like not only to reach the maximum permissible value of S zA , but to do it in as short as possible switching time.
However, an impossibility to achieve the complete switching of the inverter doesn't imply the impossibility to perform the logical operation NOT at the stage of the unitary evolution. One should just to "read" the signal at a time when S zA(B) has a large absolute value, e.g., at a time t 0 . Indeed, S zA (t 0 ) ≥ 0.45 at any value of U/V (see Fig.1 ). Hence, the error probability P err = 1 − p 1 (t 0 ) (i.e., the probability to read the "wrong" signal S zA = −1/2 or S zA = 0 at a time t 0 ) is less than 0.1. Our calculations showed that at U/V << 1 and at 'optimal' (for a given U/V ) value of H A /V the time t 0 is of the order ofh/V , i.e., t 0 ≈ 10 −13 s for V ≈ 10 meV. The value of t 0 increases as U increases and reaches ≈ 6h/V at U/V = 10. The limiting value of t 0 at U >> V is t 0 = πhU/4 √ 2V 2 , in accordance with [7] . Thus, to speed up the calculation, we should have small U and large V . If the shape of a single quantum dot is a cube with side length a and the distance between the quantum dots is d, then V decreases exponentially in both d and a, while U is roughly inverse proportional to a and is almost independent on d [6] , [9] . Hence, small values of d and a favor short switching times t 0 (the values of U and V can be calculated numerically for a given set of geometrical parameters of quantum dots array and for a particular choice of semiconducting materials [6] ).
On the other hand, the 'optimal' value of H A increases with V as H opt A = 2V at U = 0 (9) and as H opt A = 2V 2 /U at U/V >> 1 (see also [7] ). The product H opt A t 0 is of the order ofh at any U/V . Hence, one can have a realistic value of H opt A < 1 Tesla only at the expense of increasing t 0 up to ≈ 10 −11 s. Nevertheless, this value of t 0 still remains several orders of magnitude smaller than characteristic times of inelastic relaxation [6] .
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